Phase Change Material (PCM) is a substance with a high heat of fusion which melts and solidifies at a certain temperature, being capable of storing and releasing large amounts of thermal energy. This behaviour of PCM is the basis for its temperature regulating effect, as a component of textile functionalized fibres and helps the body to stay within the comfortable temperature range. For the finishing of textiles containing PCM fibers, a great importance should be given to each technologic operation, so that the PCMs from the fiber's structure would not be eliminated by preliminary treatments, dyeing or by the final finishing applied procedures. In this study, laboratory pre-treatment and dyeing experiments were made, on knitted fabrics with content of PCM fibers in blends with natural, man-made or synthetic fibers, to enable the overall finishing processes influence on the main physical-mechanical characteristics, dyeability and color fastness properties. Various methods of preliminary treatment and dyeing were applied, specific to each fiber composition of yarns, by using the optimum results obtained in previous performed studies. The behavior during finishing of knitted fabrics varies, depending on the fiber components blended with PCM fibers, without affecting the physical-mechanical characteristics of knitted fabrics. As regards the dyeing process, all samples are uniformly dyed, with color differences depending on the applied finishing process. Dyeing fastness is very good in the case of blends with man-made cellulosic fibers and good in the case of blends with cotton or with synthetic fibers.
INTRODUCTION
The modern lifestyle creates today the situation in which the actual aim of textile materials is changing from traditional simple protection to the necessary functionality and added-value (e.g. comfort). Textile material is still considered as the interface between the wearer and the environment, but it needs more active role of adapting to the drastic changes of the physiological needs, in the accordance with the changes in the environment (Jocic, 2010) . Development of functional fibers is based on the process of incorporating active chemicals into the fiber in its manufacturing stage, and this technology is rather increasing today, mainly being supported by fiber manufacturers. Integration of PCMs in clothes is a straightforward method to obtain thermo-regulating properties. When body temperatures increase, the PCM melts and absorbs heat from the body. Then, when the temperature drops, the PCM solidifies and the stored heat is released again and thus has the ability to stabilize body temperature. This behavior of PCM is the basis for its temperature regulating effect as a component in textile fibers (Mondal, 2008) . In previous studies performed (Popescu et al., 2011) , the influence of chemical auxiliaries used in the preliminary process, as well as of the applied technological parameters, on the heat of fusion of textile materials made of cellulosic man-made fibres containing PCM, were determined. In this paper, the influence of finishing operation on knitted fabric with Cell Solution TM Clima fibers content was studied. This functionalized man-made cellulosic fiber is the newest fiber with thermoregulating features of Smartpolymer GmbH (Germany) and TITK group, developed by a new concept for incorporating PCMs in wet spun cellulose fibers based on direct addition of free PCM to a cellulose solution (***Cell Solution).
EXPERIMENTAL PART

Materials
The knitted fabrics used in this study are made of different construction of yarns, as mentioned in Table 1 . 
Finishing Procedures
Pre-treatment and dyeing procedures were applied on piece laboratory dyeing apparatus "Redkrome" (Ugolini-Italy), at a bath ratio of 1:20, according to Table 2 . 
Physical-Mechanical and Color Measurements
Physical-mechanical characteristics and color assessment have been made on raw knit fabrics and on final product, as follows: As regards the influence of the applied finishing processes on the physicalmechanical characteristics of the knitted fabric made of 50% Tencel/ 50% PCM fibers the following can be concluded (Table 3) :
RESULTS AND DISCUSSIONS
Finishing Operations Influence on Physical-Mechanical Characteristics of Knits
• the finishing processes induce the decrease of mass, density and thickness characteristics, within normal limits, as compared to raw knitted fabric, indicating the knitted fabric relaxation during finishing: mass decreases by 2-10%, density decreases horizontally by 1-6 course/10 cm and vertically by 15-23 rows/10 cm and the thickness decreases to less than 0.1 mm;
• maximum force and elongation at maximum force are not negatively influenced by the finishing process, except AV 3 sample (which was subjected to causticizing), to which there is a decrease of approx. 8.5% of maximum force and by 7% of elongation at maximum force, but these decreases are not significant; • abrasion resistance decreases as compared to raw knitted fabric by a percentage between 19% and 24%, this behavior being correlate with the decrease of density in horizontal and vertical direction. The analysis of physical-mechanical characteristics of knitted fabric made of 70% Tencel/ 30% PCM fibers (Table 4) indicates the following:
• variation in mass, density and thickness of finished knitted fabric as compared to raw knitted fabric is insignificant; there is a tendency of knitted fabric relaxation in horizontal direction for all the finishing variants and contraction in the vertical direction for BV 2 sample (scoured at 80ºC) and BV 3 sample (causticized at 70ºC);
• maximum force recorded higher values as compared to raw knitted fabric, but the elongation at maximum force decreased by approx. 22% in BV 2 sample and by 23% in BV 3 sample; • abrasion resistance decreases as compared to raw knitted fabric between 12% and 23%, this behavior being correlate with the density decrease in horizontal and vertical direction. In terms of physical and mechanical properties of finished fabrics made of 50% cotton/ 20% PA/ 30% PCM fibers (Table 5) , the following can be noticed:
• after finishing there is observed the shrinkage of knitted fabrics, leading to increased values of the mass (g/m 2 ) and density/10 cm, characteristics compared with untreated knit; at the same time, the increasing of maximum force takes place; this behavior is correlated with increased density on the horizontal and vertical direction;
• also, the abrasion resistance is almost doubled as compared to raw knit, this behavior being correlated with increased density on the horizontal and vertical direction. The finishing process influences the physical-mechanical characteristics of knitted fabric made of fiber blends 70% PES/ 30% PCM fibers, as follows (Table 6 ):
• increased values of the mass, density and thickness, for all types of finishing, as compared with raw knitted fabric, due to the contraction of knitted fabric in wet environment;
• at the same time the increasing of maximum force and abrasion resistance take place;
• however, elongation at maximum force decreases for all types of finishing applied, with values ranging between 16.8% and 36.2%. Evenness of dyeing was obtained for all finishing variants. In the case of 50% Tencel/50% PCM fibers and 70% Tencel/ 30% PCM fibers, color differences between samples were of ½ -1 ½ tone, which is normal when different types of pretreatment are applied. In finishing processes which include bio-polishing operations (AV 2 , BV 2 ) and causticizing-bio-polishing (AV 3 , BV 3 ), lighter colors are obtained, as compared to the reference sample (AV 1 , BV 1 ). Knit sample made of 70% PES/ 30% PCM fibers which were subjected to causticizing (DV 2 , DV 3 , DV 4 ) are more intensely dyed than the reference sample (non-causticized DV 1 ), the color difference ranging between 1-2 tone. In terms of color fastness properties (Table 8 ) it has been noticed that the dyeing fastness to washing, acid/alkaline perspiration, wet/dry rubbing is very good in blends of PCM fibers with Tencel fibers dyed with a bi-functional reactive dyestuff, the marks obtained in this case for change of shade and staining of the multi-fiber standard ranging between 4-5/5 (predominantly 5). An improved fastness to washing and alkaline perspiration is noted, in case of samples which include bio-polish operation, marks obtained in the change of shade being higher by ½ tone. The dyeing fastness is generally good in blends of PCM fibres with cotton/PA or with PES, most of marks being 4-5/5 (predominantly 4-5). Lower fastness to alkaline perspiration and wet rubbing (marks 3/3-4) are obtained in the case of 2 steps dyeing with reactive/selected reactive dyes (for wool/PA type fibers) of cotton/PA/PCM fiber blends (CV 1 , CV 4 ). Also, lower washing fastness is obtained in the case of PES/PCM fiber blends subjected to bio-polishing subsequent to the dyeing operation (DV 3 , DV 4 ) where the staining of PA and PES standard fibers is high (marks 2/2-3/3-4). From this reason it is recommended to perform the bio-scouring operation before the dyeing operation.
Dyeing Process Performance
CONCLUSIONS
All finishing processes applied on knitted fabrics made of PCM fibers in blends with natural, man-made or synthetic fibers are appropriate and do not negatively affect the physical-mechanical characteristics of knitted fabrics. The behavior during finishing of knitted fabrics varies, depending on the fiber components blended with PCM fibers. In the case of blends with Tencel fibers, the knitted fabric relaxes during finishing, inducing decrease under normal limits of mass, density and thickness characteristics, without negatively influencing maximum force and elongation at maximum force. In the case of blends with cotton/PA fibers or with PES fibers, the knitted fabric shrinks, leading to increased values of mass, density and thickness characteristics. At the same time maximum force and abrasion resistance increase. The decreasing of the elongation at maximum force after finishing of knitted fabric containing 70% PES is under normal limits. This is caused by the heat-setting operation. As regards the dyeing process, all samples are uniformly dyed with color differences depending on the applied finishing process. Dyeing fastness is very good in blends of PCM fibers with Tencel fibres and good in blends of PCM fibres with cotton/PA or with PES fibers.
